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60/377,620, filed May 6, 2002, and 60/431,192, filed December 6, 200? the 
enclosures of which are both hereby incorporated here, by reference in their 
entireties. 


TITLE OF THE INVENTION 

SPUTTER COATING APPARATUS INCLUDING ION BEAM SOURCES 
AND CORRESPONDING METHOD SOURCE(S), 

r0001] This invention relates to an apparatus for soaring a substrate (e . o,ass 

substrate) on both major surface/sides thereof. to particular, this invention relate! to 
a method and corresponding apparatus for sputtering a coating onto a first side of the 
substrate and ion beam deposing another coatrng onto the other side of the substrate 
In other embodiments, this invention relates to a coating apparatus whtch sputters a 
coating onto a first surface of a substrate passmg therethrough and ton beam mills the 
first and/or second surface of , he substrate in order to remove glass therefrom. 

BACKGROUND OF THE INVENTION 
[0002] Sputter coated glass articles are known in the art. For example see 

U.S. Patent Nos. 5,770.32!. 5.298.048, and 5,403,458, each of which disclose 
coattngs sputtered onto substrates and corresponding technrques for the same all of 
these patents being hereby mcorporated herein by reference. Sputter coated layer 
systems on glass substrates arc typ.cally used for achievmg solar management 
propert.es (e.g., low emissivity or ,ow-E, UV reflection, and/or the like) i„ different 
types of glass articles inciud.ng but not limited to insulating glass (IG) window units 
vehtcle wmdows (e.g., windshields, backjites, sidelites, sunroofs), and/or the like. 
[0003] Sputter coating may be an electric discharge process, often conducted 

a vacuum chamber in the presence of one or more gases. An example sputter 
coatrng apparatus typically mcludes a, leas, one vacuum chamber in which a substrate 
■s located in a stationary or moving fashion, a power source, an anode, and one or 
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more specifically prepared cathode targets of or covered with at leas, one mateoa. 
(e a silicon, zinc, silver, nickel, chrome, tin, aluminum, other materials, or 
combinations thereof) to be used in creattng a layer(s) on the substrate. When an 
electric potential is applied to the cathode target, the gas(es) (e.g., argon, mtrogen, 
oxygen other gases, or combinations thereof) form(s) a plasma that bombards the 
target causing particles of the coating materia! to be liberated or lifted from the target 
itself The liberated coating material from the target falls onto the underlymg 
substrate and adheres thereto. When conducted in the presence of a reactive gas(es), a 
reactive product of the coating matenal from the target and the gas may be deposed 
on the substrate (e.g., in forming a silicon nitride layer). _ 
[0004] For example and without limitation, see Fig. 1 which illustrates a 

conventional sputter coating apparatus. The apparatus includes six different zones 
(i e zones 1-6) which are separated from one another by curtains or walls 52. Zone 
includes targets 21-26, zone 2 includes targets 27-29, zone 3 includes targets 30-35, 
zone 4 includes targets 36-41, zone 5 includes targets 42-44, and zone 6 includes 
.arcets 46-50. The sputtering targets may be any suitable type of target includmg but 
not limited to planar targets, rotating cylindrical targets, magnetron targets, and/or C- 
Ma« targets. In the example of Fig. 1, targets 27-29 and 42-44 are planar targets, 
white targets 21-26, 30-41, and 45-50 are rotating cylindrical targets. At leas, one gas 
(e . argon, nitrogen, oxygen, etc.) may be utilized in each zone at low pressure (t.e., 
pressure below atmosphenc), while vacuum pumps 5 1 arc prov.ded between zones tn 
order to try to reduce the amount of crosstalk (i.e., in order to reduce the amount of 
.as from one zone leaking into an adjacent zone). A glass substrate is passed through 
the sputter coater (e.g., at line speed of from 100-300 inches per minute) in order to be 
coated For purposes of example and without limitation, a multi-layered solar control 
coating can be depostted onto the substrate using this sputter coating apparatus as 
explamed in more detail in U.S. Paten. No. 6,336,999, the disclosure of wtach » 
hereby incorporated herein by reference. 

[0005] other types of sputtering systems/techniques are disclosed in U.S. 

Patent Nos. 5,968,328, 5,399,252, 5,262,032, 5,2! 5,638, 6,203,677, 6,207,028, and 
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-57403,458; and WO 02/04375 (see U.S. Sena] No. 09/794,224), all of which are 
hereby incorporated herein by reference. 

[0006] Other example types of sputtering system are known as ion beam 

assisted sputtering system which utilize an ion beam(s) to help liberate coating 
material form a target(s). Sputtering devices of this type may be found, for sample 
and without limitation, in any of U.S. Patent Nos. 6,197,164, 6,296,741, or 6,214,183, 
all of which are hereby incorporated herein by reference. 

[0007] Unfortunately, each of the aforesaid sputtering devices are problematic 

in that they can only coat one side of a substrate at a time. This is undesirable, at least 
from a processing time and capital expenditure perspective, in situations where it is 
desired to coat both sides of a substrate. Accordingly, it can be seen that there exists a 
need in the an for an apparatus which is capable of coating both sides of a substrate 
without necessarily having to pass the substrate through the apparatus more than one 
time. 


BRIEF SUMMARY OF THE INVENTION 

[000S] An object of this invention is to provide a coating apparatus capable of 

coating both sides of a substrate. 

[0009] In cenain example embodiments of this invention, there is provided a 

coating apparatus which is capable of depositing a first coating (single or multi- 
layered) onto a first s.de of a substrate passing through the apparatus, and a second 
coating (single or multi-layered) onto the other or second side of the substrate passing 
through the apparatus. In cenain example embodiments, the first coating may be 
deposited via sputtering from at least one target while the second coating may be 
deposited via at least one ion beam. In such a manner, it is possible to coat both sides 
of the substrate in a single apparatus in an efficient manner. While it is possible to do 
so, it is not necessary to run the substrate through the coating apparatus more than one 
time in order to coat both sides of the substrate. 

[0010] in certain example embodiments of this invention, there is provided a 

coating apparatus which sputters a coating onto a first side of a glass substrate passing 
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therethrough, and which ion beam mills the first and/or other side of the substrate in 
order to remove glass therefrom. 

[0011] In certain example embodiments of this invention, there is provided a 

coatin" apparatus for forming first and second coatings on a glass substrate, the 
coating apparatus comprising: at least one sputtering target positroned so as to be 
located at an elevation above a glass substrate passing through the apparatus, wherem 
the at least one sputtering target is to be used for sputtering a firs, coating onto a first 
side of the glass substrate; at least one ion beam source positioned so as to be located 
a, an elevation below the glass substrate, wherein the at least one ion beam source ,s 
to be used to ion beam deposit a second coating onto a second side of the glass 
substrate opposite the first side. 

[0012] In other example embodiments of this invention, there is prov.ded a 

method of coating a glass substrate, the method comprising: moving the glass 
substrate through a coating apparatus; and while the glass substrate is movmg through 
the coating apparatus, simultaneously sputtering a first coating having at least one 
iayer onto a first side of the glass substrate and ion beam deposidng a second coatmg 
onto a second side of the substrate that is opposite the first side. 
[0013] In other example embodiments of this invention, there is provided a 

method of forming first and second coatings on a glass substrate, the method 
comprising: forming a first coating on a first side of the glass substrate; and whrle at 
least part of the first coating is bcrng formed on the first side of the glass substrate, ion 
beam depositing a second coating onto a second side of the substrate. 
[0014] In other example embodiments of this invention, there is provided a 

coating deposition apparatus comprising: a dual mode chamber for selectively 
receiving a removable ion source module on a first side of a moving substrate and a 
removable sputtering module on a second side of the substrate. 
[0015] In still further embodiments of this invention, there is provided a 

coating deposition apparatus comprising a dual mode chamber for selectively 
receiving first and second removable ion sources on opposite sides of a moving 
substrate directly across from one another. 
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BRIEF DESCRIPTION OF TfffiDRA WINGS" 

[0016] FIGURE 1 is a schematic diagram of a conventional sputter coating 

apparatus. 

[0017] FIGURE 2 is a schematic cross sectional diagram of part of a coating 

apparatus according to an example embodiment of this invention. 
[0018] FIGURE 3 is a cross sectional view of a coated substrate, including 

coatings on both sides thereof, which has been coated using a coating apparatus 
according to an embodiment of this invention. 

[0019] FIGURE 4 is a cross sectional view of an insulating glass (IG) window 

unit made using at least the substrate of Fig. 3. 

[0020] FIGURE 5 is a side cross sectional view of an example, but non- 

limiting, ion beam source which may be used in certain embodiments of this invention 
[0021] FIGURE 6 is a perspective view of the ion beam source of Fig. 5. 

[0022] FIGURE 7 is a side plan, partial cross sectional, view illustrating part 

of a coating apparatus according to an example embodiment of this invention, where a 
dual mode chamber is provided. 

[0023] FIGURE 8 is a side plan, partial cross sectional, view illustrating part 

of a coating apparatus according to the Fig. 7 embodiment, wherein the dual mode 
chamber is shown in a sputter configuration (with sputter module installed). 
[0024] FIGURE 9 is a side plan, partial cross sectional, view illustrating the 

coating apparatus of Fig. 7, where the dual mode chamber is shown in an ion beam 
deposition configuration (with an ion beam source installed, and the sputter module 
removed). 

[0025] FIGURE 10 is a side plan, partial cross sectional, view illustrating the 

coating apparatus of Fig. 7, where the dual mode chamber is shown in a situation 
where sputter modules are installed in both locations, i.e., above and below the 
moving substrate. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0026] Referring now more particularly to the accompanying drawings in 

which like reference numerals indicate like parts throughout the several v ie ws. 
[0027] Figure 2 is a perspective view of a coating apparatus according to an 

example embodiment of this invention. The coating apparatus may include one or 
more sputter coating chambers and at least one ion beam source used to null and/or 
coat the substrate passing therethrough. In the Fig. 2 example, glass substrate 61 is 
shown passing through the coating apparatus in direction D. Substrate 61 may be 
conveyed through the coating apparatus by a plurality of rollers 63 , or in any other 
suitable manner. 

[0028] The coating apparatus includes at least one sputtering target(s) 65. The 

at leas, one sputtering target 65 may correspond, for example and without hmitation, 
to one or more of sputtering targets 21-50 of Fig. t. In the Fig. 2 exampie (and m Ftg. 
1) the sputtering target(s) 65 is provided at an elevation above the substrate 61 
passmg through the coating apparatus so that material 67 to be coated on the substrate 
falls due at least to gravity from the target onto the substrate 61 passing therebelow m 
order to coat the top stde T of the substrate 61 with sputtered material. Sputtenng 
target(s) 65 may be any su.table type of sputtering target including but not lirmted to a 
stationary planar target, a rotating cylindrical target, and/or a C-Mag target. For 
purposes of example and without limitation, any of the sputtering targets and/or 
sputtenng techniques of one or more of U.S. Patent Nos. 5,968,328, 5,399,252, 
5,262,032, 5,215,638, 6,203,677, 6,207,028, 5,403,458, 5,770,321, 5,298,048, 
5 403 458, 6,197,164, 6,296,741, and/or 6,214,183 (all of which are hereby . 
incorporated herein by reference) may be used in order to cause target(s) 65 to sputter 
a coating including at least one layer onto the substrate 61 passing therebelow. Of 
course, the instant tnvention is not so limited, and any suitable sputtering technique 
may also be used, including ion assisted sputtering. In such a manner, one or more 
sputtering target(s) cause solar control coating 69 to be sputtered onto the upper s.de 
T of substrate 61. 

[0029] Solar control coating 69, deposited via sputtering using target(s) 65, 

may include one or more layers. Example solar control coatings 69 of the multi-layer 
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t-ype-are-disclosedin-U:SrPatWN6sr6;3T6 } 999, 5,770,321^403,458, 5,298,0487" " 
3,649,359, 3,682,528, 4,716,086, and 4,806,220, and U.S. Serial No. 09/794,224, all 
of which are incorporated herein by reference. Of course, the instant invention is not 
so limited, and any other type of single layer or multi-layer coating 69 may be 
sputtered onto the top side T of substrate 61 by target(s) 65. Example solar control 
coatings 69 may include at least one infrared (IR) reflecting layer of or including 
silver (Ag), gold (Au), nickel-chrome (NiCr), or any other suitable material. In " 
certain instances, the at least one IR reflecting layer is metallic or substantially 
metallic and is sandwiched between at least a pair of dielectric layers. The dielectric 
layers may be of or include silicon nitride, tin oxide, silicon oxynitride, and/or the 
like. Each of these layers, including the JR reflecting Iayer(s) and dielectric layer(s) 
of coating 69, may be deposited via sputtering, preferably using a plurality of 
corresponding targets 65 provided above the moving substrate 61. For example, a 
silicon inclusive target(s) may be used to deposit dielectric layer(s) of silicon nitride 
of coating 69 in a suitable atmosphere (e.g., using gas such as nitrogen and argon), 
while Ag target(s) may be used in order to deposit Ag IR reflecting layer(s) of coating 
69 in a suitable atmosphere (e.g., using Ar gas). Low pressures are typically used 
during such sputtering of coating 69 (e.g., see U.S. Patent Nos. 6,336,999, 5,770,321, 
and/or 5,298,048), so that the chamber(s) in which the target(s) 65 is located is ' 
typically maintained at a pressure less than atmospheric pressure. 
[0030] Still referring to Fig. 2, the coating apparatus further includes at least 

one ion beam source(s) 71 which emits an ion beam upwardly toward the substrate 61 
in order to coat the bottom side B of the substrate 61 with coating 73. Coating 73, ion 
beam deposited on the bottom side B of substrate 61, may be a single layer or may 
include multiple layers in different embodiments of this invention, m certain example 
embodiments of this invention, ion beam deposited coating 73 may be of or include 
diamond-like carbon (DLC) and/or any other suitable material that may be ion beam 
deposited When coating 73 includes diamond-like carbon (DLC), the coating 73 may 
be of or include any of the coatings of any of U.S. Patent Nos. 6,338,901 6 ?61 693 
6,284,377, 6,303,225, 5,846,649, 5,637,353 (all incorporated herein by reference), or 
any other suitable coating that may be ion beam deposited onto the substrate. For 
example, the at least one layer comprising DLC may include more sp 3 carbon - 
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carbon bonds than sp^ carbon -carbon bonds. Moreover, the DLC may ^ 
type of DLC known as highly tetrahedral amorphous carbon (ta-C) including more sp 
carbon - carbon bonds than sp 2 carbon - carbon bonds. In certain instances, a, least 
60% of the carbon - carbon bonds in the ta-C may be sp 3 carbon - carbon bonds, even 
more preferably at least 70%. The DLC in certain embodiments may be 
hydrocentated (e.g., ta-C:H), and may have an average hardness of at least 10 GPa, 
more preferably of at leas, 20 GPa. The DLC may be hydrophobic (high contact 
angle), hydrophilic (low contact angle), or neither in different embodiments of tins 
invention. 

[0031] It can be seen that the coating apparatus of the instant invention 

enables both the top T and bottom B sides of moving glass substrate 6 1 to be coated at 
the same time as the substrate passes through the coating apparatus. One or more 
sputtering target(s) 65 is/are used to apply a coating 69 to the top side T of the 
substrate 61, while one or more ion beam source(s) 71 is/are used to ion beam deposit 
a coating 73 onto the bottom side B of the substrate 61. In certain example 
embodiments of this invention, the ion beam source(s) 71 may be in the same 
chamber (and thus potentially at approximately the same low pressure) as one or more 
sputtenng target(s) 65 (e.g., in zone 6 of Fig. 1). However, in other embodiments of 
this invention, one or more ion beam source(s) 7 1 may be in different chambers than 
sputtering target(s) 65; in such embodiments a different pressure may be used to ion 
beam deposit than is used to sputter coat. In still further embodiments, a first ion 
beam source 7 1 may be in the same chamber as a first sputtering target(s) 65, and a 
second ion beam source 7 1 and a second sputtering target(s) 65 may be in a different 
chamber or zone of the coating apparatus at the same or a different pressure. In each 
of the above embodiments, the coating apparatus enables one side of the glass 
substrate 61 to be coated with a solar control coating 69 while at the same time the 
other side of the substrate 61 can be coated with another coating 73 such as a scratch 
resistant or protective coating including DLC or any other suitable material. 
[0032] Optionally, the coating apparatus may include one or more additional 

ion beam source(s) 75 provided below the substrate for cleaning and/or ion beam 
milling the bottom surface of the substrate. For example and without limitation, a 
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first Ton-beam source 75 may be provided (prior to source(s) 71) for ion be™ miUin. 
at least about 2 A from the bottom s.de B of the glass substrate (more preferably for = 
mtllmg or shaving off at ,eas, about 5 A of g,ass from the substrate 61),a„d a second 
■on beam source(s) 7, may be provided thereafter for ap plying coatlng 73 t0 the 
mrfied substrate. It has been found that the mining may increase scratch resistance of 
the coating 73 ,n certain instances. It is also possible to provide an ion beam 
source(s) above the substrate for ion beam milling a simi.ar amount of glass from the 
top s,de T of the substrate 61 before coating 69 is sputtered thereonto. For examp.e 
m.II.ng techniques/processes/structures that may be used ,„ this regard, see one or 
more of pending U.S. Patent Application Serial Nos. 09/703,709; 10/003 436- and/or 
60/340,248, all of which are hereby incorporated here.n by reference. 
.0033] Example coated articles produced by the coating apparatus of R. 7 

are shown in Figs. 3-4. The coated article of Fig. 3 includes solar contro, coating 69 
on one s.de of substrate 61 and protective coating 73 on the other side of the substrate 
Both coatings 69, 73 were applied using a single coating apparatus (i.e., without 
havmg to remove the substrate from a first coating apparatus and then transport it to a 
remote iocauon to another coating apparatus). Moreover, the ion beam depos.tion 
process used is such that it is part.cu.ariy adaptable to application to the bottom side B 
of the substrate 61 (i.e., from an elevation below the substrate, with the ion beam 
bemg directly upwardly toward the moving substrate). 

W034] Fig . 4 illustrates ae Rg 3 coated ^ bejng ^ ^ 

such as an insulating giass (IG) window unit. In Fig. 4, the coated article of Fig 3 has 
been coupled to another giass substrate 77 via one or more spacer(s)/sea.(s) 79 to 
form the IG window unit. In the coated article of Fig. 4, the spacerfs) and/or scalfs) 
79 space the glass substrates 61, 77 from one another so that a space or gap 80 is 
provded therebetween. The space or gap 80 may or may no. be fined with a oas 
(e.g„ Ar) ,„ certain embodiments of this invention; and may or may no. be evacuated 
to a pressure less than atmospheric in certain embodiments of mis invention In the 
IG window unit of Fig. 4, it can be appealed that the solar contro, coating 69 on the 
mterior side of substrate 61 blocks/reflects a. leas, some IR and/or UV radiation so as 
to maintain ,he interior of a bmlding or me like at a more comfortable temperature- 
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while the protective coating 73 on the exterior side of substrate 61 may make the IG 
unit more scratch resistant and/or otherwise durable than it otherwise would have 
been. 

[0035] With respect to ion beam sources 71,75 that may be used in different 

embodiments of this invention (for ion beam deposition, cleaning and/or milling), any 
type of suitable ion beam source(s) may be used. For purposes of example and 
without limitation, any of the ion beam sources disclosed or described in any of U.S. 
Patent Nos. 6,359,388, 6,303.225, 6,002,208, 6,153,067, 6,338,901, 5,888,593, or 
6,261,693 may be used in accordance with this invention, all of these patents being 
hereby incorporated herein by reference. 

[0036] For purposes of example only, and without limitation, Figures 5-6 

illustrate an example linear or d.rect ion beam source 125 which may be used to clean 
or mill substrate 6 1 and/or to deposit coating 73 onto the substrate 61 (i.e., the source 
shown may be used as one or both of 7 1 , 75). Ion beam source 125 includes 
gas/power inlet 126, racetrack-shaped anode 127, grounded cathode magnet portion 
128, magnet poles 129, and insulators 130. A 3-5 kV DC (or AC) power supply may 
be used for source 125 in some embodiments. Linear source ion deposition allows for 
substantially uniform deposit.™ of a DLC inclusive layer, or any other suitable layer, 
as to thickness and stoich.ometry. Gas(es) and/or ion energy may be adjusted to make 
the coating non-uniform if des.red. Ion beam source 125 is based upon a known 
gridless ion source design. The linear source includes a linear shell (which is the 
cathode and grounded) ins.de of which lies a concentric anode (which is at a positive 
potential). This geometry of cathode-anode and magnetic field 133 gives rise to a 
closed drift condition. The magnetic Held configuration further gives rise to an anode 
layer that allows the linear .on beam source to work absent any electron emitter in 
certain instances. The ion source can also work in a reactive mode (e.g., with oxygen 
and/or nitrogen) in certain cases. The source includes a metal housing with a slit in a 
shape of a race track as shown in Figures 5-6. The hollow housing is at ground 
potential. The anode electrode is situated within the cathode body (though electrically 
insulated) and is positioned just below the slit. The anode can be connected to a 
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-positive . potenra ^ TO ^----_- — ^ ^ --- - 
cooled m certain embodiments. 

[0037J Feedstock gases (e g aoe[ylenei ^ } m ^ tta)ugh c ^ 

between the anode and cathode. For example, argon gas may be used when the 
source is used for Waning and/or miWng; whjle a hydrocarbon ^ 
may be used when the soarce(s) is used to deposit a layeffs) of DLC. The linear ion 
source may also eontah, a labyrinth system that distnbutes the precursor gas evenly 
along ,ts length and whtch allows it to expand between the anode-cathode space 
mtemally. The elecmca, energy then cm* the gas to produce a piasma within the 
ource The ions are expelled out and directed toward the substrate on which the 
layer(s) is to be grown. The ion beam emanating from the slit is approximate^ 
untfonn in the longitudinal direction and may have a Gauss.an profile in the 
transverse direction. Ion beams may be focused, collimated or diffuse in different 
embodiments of this invenfion. Exemplary ions 134 directed toward the substrate are 

27' nF ^ 5 -A.inears„urceas 1 o„gas0.5to4 m e teIS maybema d eandused 
although sources of different lengths are anticipated in different embodiments of this 
mvenfon. Electron layer !35 is shown in Hgum 5 and completes the circuit thereby 
enabling the ion beam source to function properly. 

[0038] Referring t0 Fig , 7 _ 9> . duaJ mode ^ ^ ^ fa ^ 

apparatus of certain embodiments of this invention. The dual mode chamber may be 
located, for example, at the beginning of . sputter coa[ing ^ 
central area of a coafing apparatus, and/or a, the end of a sputtering coating apparatus 
In certam embodiments, the dual mode chamber may include firs, and second 
-movable deposition modules; where the first'deposition module is adapted to he 
ocated above the substrate and the second deposition module is adapted to be located 
below the substrate directly or otherwise across from me first module. 
[0039] K g. 7 is a side plan, partial cross sectional, view illustrating at least 

Z2l : U tT ChamberaCCOrdingt0a,,eXamP,e0fthiS — « ^ chamber 
mcludes first and second support portions on opposites sides of a moving g,ass 

substrate which is adapted to move in direction D. A frame 200 is provided at least 

parttally above and on a top side of the moving glass substrate, whereas another frame 
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202 is provided below and on a bottom side of the moving glass substrate 61. Rollers 
204 are adapted to support the substrate as it moves through the coating apparatus. 
Frame 200 is adapted to support a sputter coating module including at least one 
sputtering target, whereas frame 202 is adapted to support an ion source module 
including at least one ion source. However, frame 200 (and/or 202) may be used to 
support either a sputtering module or an ion module in certain alternative 
embodiments of this invention. The frames 200 and 202 are shown empty in Fig. 7, 
where no sputter coating module or ion source is installed. Frames 200 and 202 may 
be located directly across the substrate 61 from one another in certain example 
embodiments of this invention, or alternatively may be located across the substrate 61 
from one another but laterally spaced from one another in other embodiments of this 
invention. 

[0040] Fig. 8 is side plan, partial cross sectional, views illustrating part of a 

coating apparatus according to the Fig. 7 embodiment, where the dual mode chamber 
is shown in a sputter configuration (with sputter module installed). In this particular 
example configuration, the sputter module is installed on top of the glass substrate, 
but the ion source is not installed on the bottom of the substrate. As shown in fig. 8, 
the sputter module on the top side of the substrate 61 is supported by frame 200, and 
includes sputtenng target(s) 208 and structure 210 for allowing electrical signals, 
gases and the like to be supplied to the targets of the sputtering module. The targets 
208 may be of the magnetron (e.g.. dual c-mag) rotating type, the planar type, or any 
other suitable sputtering target type. Shields 212 are provided in order to prevent the 
sputtering material from accumulating in undesired locations. Moreover, in certain 
example embodiments, shields 212 and a false wall(s) (not shown) provided under the 
substrate in areas between shields may function to prevent or reduce drops (or 
increases) in pressure when there is a gap or space between adjacent substrates 61 
moving through the apparatus. Additionally, when the ion source module is not 
installed, support beams 214 may be provided between rollers under the substrate in 
order to support the substrate and/or the pressure false wall(s) (not shown) discussed 
above. Seats relating to opening(s) in frame 202 are sealed with gaskets or the like in 
the Fig. 8 embodiment. 


12 


WO 03/095695 


PCT/US03/14066 


[0041] When it is desired to cfiasfelfe apparatus from^sputterinc " 

configuration to an ion beam configuration, the sputtering module shown in F,» 8 
above the substrate may (or may not) be removed and an ion beam modu,e inserted as 
shown in Fig 9. In the example illustrated in Fig. 9, the sputtering module of R. 8 
has been removed and replaced with a, least lateral support beam(s) 220 above Je 
substrate. Supports 220 within frame 200 are for supporting a false wall (not shown) 
located above the substrate; the false wall, as descnbed above, is for prevent/reducing 
s.gmficant pressure changes due to spaces or gaps which occur between adjacent 
substrates 61 passing through the apparatus during operation. Meanwhile, the ion 
beam module has been installed below the moving glass substrate as shown in Fig 9 
where the ton beam modu,e .ncludes at least one ion source 125 and structure o 22 for 
perrmttmg gas(es) and elcctnca. s.gnals to be input to or used by the ion sources 
When the ton source module has Ken installed, the hole in frame 202 for allows 
msertingof the ion source module is sealed around the module with gaste(s) or the 
hke. Shtelds 224 are prov.dcd ,n order to prevent ion source materia, from deposits 
on rollers and dtsruptmg operauon of the same. Thus, Figs. 9-10 illustrates the dual = 
mode chamber in an ion beam configuration; where the ion beam may be used to mill 
a surface of the substrate or to deposit a coating thereon. In eertam example 
embodiments of this invenuon. certain rollers 204may be removable in order to 
attachment and/or removal of the lower module and/or frame. 
[0042] l„ ccrtain embodtments of this invention, other sputter coatin* 

chambers (no, shown in F,gs. 7-9- but see Figs. 1-2, may be located in the Tpparatus 
laterally offset from the dual mode chamber and thus laterally offset from the Fio 8-9 
mn beam module. In such embedments, a. leas, one sputtering target is used J 
sputtermg a first coating onto a firs, side of the glass substrate and simultaneously at 
-cast one ion source (see Fig. 9, may be used to mil. and/or ion beam deposit a second 
coating onto a second side of the glass substrate opposite the firs, side. Thus, the ion 
beam source on one side of the moving substrate and the sputtering target*) on the 
other s,de of the substrate need not be direct.y opposite one another (i.e., they may be 
laterally spaced from one ano.her in certain embodiments). 
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[0043] In other example embodiments of this invention, the dual mode 

chamber of Fig. 7 may be configured so as to simultaneously include two modules 
above and below the substrate respectively. For example, the dual mode chamber 
may include a first deposition module supported by frame 200 above the moving glass 
substrate 61 and a second deposition module supported by frame 202 located below 
the glass substrate directly across from the first module. In such an example 
embodiment, the first and second deposition modules on opposite sides of the 
substrate (a) may both be ion beam deposition modules, (b) may both be sputtering 
modules, or (c) one may be an ion beam deposition module and the other a sputtering 
module. For example, and without limitation, Fig. 10 illustrates an embodiment of 
the instant invention where both frame 200 and frame 202 each support a different 
sputtenng module so that layer(s) can simultaneously be sputtered onto both sides of 
the movins substrate 6 1 . In other situations, the two sputtenng modules shown m 
Fig. 10 may each be replaced with an ion source module so that simultaneously first 
and second .on sources may direct ions (for milling or layer deposition) at the 
substrate from opposue s.des thereof, respectively. It is noted that when frames 200 
and 202 each support a module (ion source module or sputtering module), the two 
modules need not be used s.multaneously in certain embodiments of this invention 
although both are present. 

[0044] While the invention has been described in connection with what is 

presently considered to be the most practical and preferred embodiment, it is to be 
understood that the invention is not to be limited to the disclosed embodiment, but on 
the contrary, is intended to cover various modifications and equivalent arrangements 
included within the spirit and scope of the appended claims. 
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-claims- 


1. A coating apparatus for forming firs, and second coatings on lass 
substrate, the coating apparatus composing: ° 

at leas, one sputtering target positioned so as ,o be locateri at an 

-^-.^^^^^ 
glass substrate; and 

27 * SUbStrate - Wherdn " kaSt 006 *» ■»» — * .o be used to ton 
^P°--eco nd coadn gOT toa S econdsideofme g lasssub 5tr a t eo PP os it e th e 

ion beam' so ^ * ^ ***** *» ^< - *• 

■on beam source are, a, ,east at a given point in time, to be in operation 

amultaneouslyso that at the given point in rime the first and second coatings are 
bemg stmultaneousiy deposited onto the first and second sides of the substrates 
respectively. 

source fo „ ^ " ^ C ° mpriSi " S anotte ™ "«"• 

coatings is applied to the substrate. 

is to h ■ COat1 " 8 aPPaiatUS ° f Cla ' m 3 ' WhWein * e **** io " b — «»««» 

« he atleastone ton beam source are to be located on the same side of the substrate 
in the apparatus. 

5. Tte ^™ga P paramsofclaiml,wberei„thesputterin g targeta„dthe 
ton beam source are located in a common chamber of the apparatus. 

6. Thecoaring apparatus of claim 1, wherein .he sputtering target and the 
onbeam source are located in ^emnt chambers of me coaring 3^,^ 

■hed.flerentchamberscanbematnta.nedatdifferentpressuresduringcoat.n. 
operations. ° 
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7. A method of coating a glass substrate, the method comprising: 
moving the glass substrate through a coating apparatus; and 
while the glass substrate is moving through the coating apparatus, 

simultaneously sputtering a first coating having at least one layer onto a first side of 
the glass substrate and ion beam depositing a second coating onto a second side of the 
substrate that is opposite the first side. 

8. The method of claim 7, wherein the first coating comprises a layer 
comprising Ag provided between at least first and second dielectric layers. 

9. The method of claim 7, wherein the second coating comprises at least 
one layer comprising diamond-like carbon (DLC). 

10. The method of claim 9, wherein the DLC comprises more sp 3 carbon - 
carbon bonds than sp 2 carbon - carbon bonds. 

11. The method of claim 10, wherein the layer comprising DLC has an 
average hardness of at least 10 GPa. 

12. The method of claim 1 1 , wherein the layer comprising DLC has an 
average hardness of at least 20 GPa. 

13. The method of claim 1 1, wherein the layer comprising DLC is 
hydrogenated. 

14. The method of claim 7, further comprising using at least first, second 
and third sputtering targets in sputtering the first coating onto the substrate, wherein 
the first target comprises at least one of silicon, tin, titanium, and zinc, and the second 
target includes silver (Ag). 

15. The method of claim 14, wherein the third target comprises at least one 
of silicon, tin, titanium and zinc. 

16. The method of claim 7, further comprising, prior to ion beam 
depositing the second coating, ion beam milling off at least 2 A of glass from the 
second side of the substrate using an ion beam source located at an elevation below 
the substrate. 
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1-7. A-coati ng apparatus for forming first and second coating on a 
substrate, the coating apparatus comprising- * 

-eofthesn.::::;: 8 " 6 "" 8 ^"— 

locatedaLle^ 

1* A method of coating agiass substrate, the method comprrsm*- 

^~^^~~**~--«<*<<'- 

moves do'tr 7 ^ ^ 3 ^ *" ™ «» as it 

hel d n " S - Wherem " feaSt °" e i0 " ^ »™ for - ion 

beam deposing is looted a. an eievation below the roller. 

depositing ° f ^ SfromaSUrf ^ f *e glass substmte pnor ro the ion heam 

forming a first coating on a firs, side of the giass substrate; and 
while at least pan of the first coatino is h,;„„f ., , 
0f ^^ssubstrate,,o„ b eamdepos 1 , I „gasec„;lr 

substrate. ° a " nS ont0 a second sid <= of the 

deposing 0fJaSSfr ~~ ^sssubstratepriortothe ion beam 
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24. A coating deposition apparatus comprising: 

a dual mode chamber for selectively receiving a removable ion source 
module on a first S1 de of a moving substrate and a removable sputtering module on a 
second side of the substrate. 

25. The coating deposition apparatus of claim 24, wherein the dual mode 
chamber is designed so that the ion source module and the sputtering module may be 
located on opposite sides of the substrate directly across from one another. 

26. A coating deposition apparatus comprising: 

a dual mode chamber for selectively receiving first and second 
removable ion sources on opposite sides of a moving substrate directly across from 
one another. 


27. A coating deposition apparatus comprising: 

support means for supporting a glass substrate moving through the 

apparatus; and 

means for selectively receiving first and second removable ion sources 
and/or sputtering targets on opposite sides of the substrate directly across from one 
another. 

28. The coating deposition apparatus of claim 27, wherein the first and 
second removable ion sources and/or sputtering targets may or may not be provided in 
the apparatus at the same time. 


WO 03/095695 


PCT/US03/14066 


1/9 



SUBSTITUTE SHEET (RULE 26) 


WO 03/095695 


PCTAJS03/14066 


2/9 



WO 03/095695 


PCT/US03/14066 


3/9 



: Multi-layer Solar Control Coating ^\ 

/ 7 ?7~^ ? ~ 7 z'' "" 

/ / / Glass Substrate / / , ' 


-61 


DLC 


Fig. 3 


73 



SUBSTITUTE SHEET (RULE 26) 


WO 03/095695 


PCT/US03/14066 



SUBSTITUTE SHEET (RULE 26) 


WO 03/095695 


PCT/US03/14066 


5/9 



SUBSTITUTE SHEET (RULE 26) 


WO 03/095695 


PCT/US03/14066 


6/9 



SUBSTITUTE SHEET (RULE 26) 


WO 03/095695 


PCT/US03/14066 



SUBSTITUTE SHEET (RULE 26) 


WO 03/095695 


PCT/US03/14066 



Sf l^S-fTUTE SHEET (RULE 26) 


WO 03/095695 


PCT/US03/14066 


9/9 



SUBSTITUTE SHEET TRULE 26) 


(12) INTERNATIONAL 

(19) World Intellectual Property 
Organization 

International Bureau 

(43) International Publication Date 
20 November 2003 (20.11.2003) 


APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



PCT 


■niHiiiiHiiuiinn 


(10) International Publication Number 

WO 2003/095695 A3 


(51) International Patent Classification 7 : C23C 14/22, 
14/34, 14/02, 14/56, C03C 17/34 


(21) International Application ^^^^ 

(22) International Filing Date: 6 May 2003 (06.05.2003) 

(25) Filing Language: En S hsh 

(26) Publication Language: English 

(30> to£l y (T : 6 May 2002 (06.05.2002) US 

60/431 ',192 6 December 2002 (06.12.2002) US 

(71) Applicant: GUARDIAN INDUSTRIES CORP. 
[US/US I; 2300 Harmon Road, Auburn Hills, MI 
= 48326-17 14 (US). 

I (72 ) inventors: THOMSEN, Scott, V.; 4598 Windswept 
= Drive. Mil lord, Ml 48380 (US ). WALTON, Hugh, A.; 

= 6799 Country Unc Drive, Davisburg, MI 48350 (US). 

I (74) Agent: RHOA, Joseph, A.; Nixon & Vanderhye PC 
H Suite 8(X), 1 100 North Glebe Road, Arlington, VA 22201- 

= 47 14 (US). 


(81) Designated States (national): AE, AG, AL, AM, AT, AU 
AZ BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH, 
GM HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, 
LK LR LS LT LU, LV, MA, MD, MG, MK, MN, MW, 
MX MZ MI, NO, NZ, OM, PH, PL, PT, RO, RU, SC, SD, 
SE, SG, SK, SL, TJ, TM, TO TR, TT, TZ, UA, UG, UZ, 
VC, VN, YU, ZA, ZM, ZW. 
(84) Designated States (regional): ARIPO patent (GH. GM. 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG ZM ZW) 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ TM), 
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE, 
ES Ft, FR, GB, GR, HU, IE, IT, LU, MC, NL, FT, RO 
SE SI SK TR), OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

Published: 

— with international search report 

- before the expiration of the time limit for amending the 
claims and to be republished in the event of receipt of 
amendments 

(88) Date of publication of the international search re P ort^ 

For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 


(54) Tilk't SPUTI'liK COATING APPARATUS INCLUDING ION BEAM SOURCE(Si, AND CORRESPONDING METHOD 


< 
\o 

ID 

© 



(57, „ loafing app^usd^^^ 

M) P.^^ .hrough the apparatus, and a second coal.ng^ ngle ™ the ^d coafing is deposit via ion beam 

certain example embodiments, .he firs, coating ma, b= *^«? rXwrn fn > ngle apparatus in an efficient manner. In other 
deposition, in such a manner, it is possible to coat both St* • f ™°L Z ion beam mil. at least, on. surface of 

m^l^^ 

«eT.L^^^^ 

of this invention. 


INTERNATIONAL SEARCH REPORT 


Interna^ Ipplication No 

PCT/bo 03/14066 


A. CLASSIFICATION OF SUBJECT MATTER ■ ' 

IPC 7 C 23C14/22 C23C14/34 C23C14/02 C-23C-14/56 C03C17/34 


According to International Patent Classificalion (IPC) orlo bolh national classificalion and IPC 


B. FIELDS SEARCHED 


IPC 7 C23C (clas * r ^^ 


Electronic data base con 

EPO-Internal 


minimum documentation to the extern thai such documents are Included In the fields searched 
gtho international search (name of data base and, v, 


e practical, search terms used) 


C. DOCUMENTS CONSIDERED TO BE RELEVANT 


i, where appropriate, of the relevant 


US 2002/028286 Al (SASAKI HIROMI ET AL) 

7 March 2002 (2002-03-07) 

page 2, paragraphs 31,33; figures 1,2 

page 3, paragraph 39 

page 7, paragraphs 94-96; figure 9 

US 5 569 362 A (LERBET FRANCOIS ET AL) 
29 October 1996 (1996-10-29) 
column 2, line 32-35; figure 5 

WO 00 37376 A (BOND BOB ; CARDINAL IG CO 
(US); HARTIG KLAUS (US); KRISKO ANNETTE () 
29 June 2000 (2000-06-29) 
page 16, line 29 -page 17, line 5 
page 18, line 3-30 
page 23, line 12 -page 25, line 2 
figures 4.5 


-/- 


Relevant to claim N 


1-16, 
19-21,23 
17,18, 
22,24-28 


1,2,5, 
17,24-28 


1-16, 
19-21 


17,18,24 


OP F " rt ^ dement, "* m the cortmuafion o, box C. Patent family members a, 


' Special categories ot died documents 

"A" document defining 1he general stale ol the art which is not 

considered lo be ol particular relevance 
' E ' e f ^ r ^ umenlbu| P ublisnec for.oratt e rlhe international 

"L" document which may throw doubts on prioritv claimNior 
which is cited to estabDsh the publSSfbn dlte SSher 
citation or olher speaal reason (as specified) 

•O- document referring to an oral disclosure, use, exhibition or 
other means 

' P- d °^ m ? nl Pushed prior to the international filing date but 
later than the priority date claimed 


Date of the actual completion of the International search 

24 March 2004 


^ la m r „riS^ n . lpub i ishe< ? afterlne international filing date 
or pnorily date and not in conflict with the application but 

rnlenlfon reland ,he prindpie ° r iheo ^ under * in 9 52 

' X ' d ranrIo7 h^^if"^ relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

' Y ' do f"^f'° f P a rt|jular relevance; declaimed invention 

cannot oe considered to involve an Inventive step when the 
document is combined with one or more other Tuchdocu 
in IhearL * COmblnatton beln 9 obvtou s to a person skilled 

'&' document member of the same patent familv 


Name and mailing address of the ISA 

European Paten! Office, P.B. 5818 P 
NL - 2260 HV Rijswfik 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl 
Fax: (+31-70)340-3016 


Fom)PCT/lSA/210(s 


Dale of mailing of the international search report 

05/04/2004 


Authorized officer 


Joffreau, P-0 


INTERNATIONAL SEARCH REPORT 


ET 


8& » 

29 June 2000 (2000-06-29) 
page 11, line 13-19 
page 11, line 29 -page 12, ne 31 
page 18, line 12 -page 19, line 19 
figures 4,5 

US 6 368 664 Bl (VEERASAMY VIJAYEN S 
AL) 9 April 2002 (2002-04-09) 
column 1, line 47-57 
column 4, line 43 -column 5, line lb, 
figure 2 

W0 00 28104 A (HOLLArTdEKNIS ;SCIVAC 
figures 12,13 

US 5 846 328 A (ARUGA YOSHIKI ET AL) 
8 December 1998 (1998-12-08) 
column 4, line 28-30; figure 
column 7, line 58 -column 8, line 


Internal plication No 

PCT/uo u3/14066 


Relevant 10 claim Ni 


1-16, 
19-21 

17,18,24 


3,4,16, 
21,23 


1-21,24 


1-21,24 


m PCT/ISA/210 (continuation 


ol second sheel) (Januaty 2C 


INTERNATIONAL SEARCH REPORT 

ln/«^ ,'ation on patent family members 


Patent document 
_ cited in search report 


Publication 
date 


US 2002028286 Al 07-03-2002 


US 5569362 


JP 
TW 
US 


29-10-1996 


FR 
AT 
DE 
DE 
EP 
ES 
JP 


W0 0037376 


29-06-2000 


AT 
AU 
AU 
AU 
AU 
CA 
CA 
CA 
DE 
DE 
DE 
DE 
DE 
DE 
DK 
DK 
DK 
EP 
EP 
EP 
EP 
ES 
ES 
GB 
GB 
GB 
JP 
NO 
NO 
NO 
NO 
TR 
TR 
TR 
TR 
WO 
WO 

us 
us 


Paten t fam ily 
member(s) 


Intematij'-^Application No 

PCT/US" 03/14066 


2001043530 A 
498318 B 
6455101 Bl 


2699164 Al 
207043 T 
69330936 Dl 
69330936 T2 
0601928 Al 
2165364 T3 
6298546 A 


244691 T 
236861 T 
226562 T 
746565 B2 
2575299 A 
747528 B2 
5469299 A 
2355685 Al 
2356312 Al 
2383744 Al 
69903668 Dl 
69903668 T2 
69906808 Dl 
69906808 T2 
69909526 Dl 
69909526 T2 
1179516 T3 
1147065 T3 
1144328 T3 

1179515 Al 

1179516 Al 
1147065 Al 
1144328 Al 
2194441 T3 
2185392 T3 
2361938 A ,B 
2364068 A B 
2363131 A ,B 

2002533284 T 
20013034 A 
20013080 A 

20031199 A 

20031200 A 
200101798 T2 
200102186 T2 
200201033 T2 
200201157 T2 

0037377 Al 
0037376 Al 
2003228431 Al 
6660365 Bl 


16-02-2001 
11-08-2002 
24-09-2002 


17-06-1994 
15-11-2001 
22-11-2001 
20-06-2002 

15- 06-1994 

16- 03-2002 
25-10-1994 


15-07-2003 
15-04-2003 

15- 11-2002 
02-05-2002 
12-07-2000 

16- 05-2002 

12- 07-2000 
29-06-2000 
29-06-2000 
29-06-2000 
28-11-2002 

13- 03-2003 
15-05-2003 

13- 11-2003 

14- 08-2003 

24- 12-2003 

27- 10-2003 

28- 04-2003 

25- 11-2002 
13-02.-2002 
13-02-2002 
24-10-2001 
17-10-2001 
16-11-2003 
16-04-2003 

07- 11-2001 
16-01-2002 
12-12-2001 

08- 10-2002 
20-08-2001 
20-08-2001 
20-08-2001 

20- 08-2001 

21- 02-2002 
21-11-2001 

21- 08-2002 

22- 07-2002 
29-06-2000 
29-06-2000 
11-12-2003 
09-12-2003 



PCT/1SA/210 (paient family annex) (January 2004) 


INTERNATIONAL SEARCH REPORT 

ition on patent family m 


US 6368664 


PCT/bo 


,plicatipnNo 

u3/14066 


US 
US 

us 
us 

AT 
AU 
BR 
CA 
CZ 
DE 
DE 
EP 
EP 
ES 
HU 
JP 
WO 

us 
us 
us 
us 
us 
us 
us 
us 
us 
us 

AU 
BR 
CA 


WO 0028104 


18-05-2000 


US 5846328 


08-12-1998 


2003021997 Al 
6447891 Bl 
6461731 Bl 
2001044030 Al 
236860 T 
4811300 A 
0008391 A 
2368471 Al 
20013760 A3 
60002060 Dl 
60002060 T2 
1177156 Al 
1338576 Al 
2193079 T3 
0200949 A2 
2002543035 T 

0066506 Al 
2002155294 Al 
6273488 Bl 
6284377 Bl 
2001014398 Al 
2001035662 Al 
2001051273 Al 
2002001718 Al 
2002012798 Al 
2002009593 Al 
2002028289 Al 
1604301 A 
0015667 A 
2390256 Al 


OP 2002529600 T 

WO 0028104 Al 

US 6365010 Bl 

US 6488824 Bl 


JP 
KR 
US 


8274142 A 

221259 Bl 
6027618 A 


30-01-2003 
10-09-2002 

08- 10-2002 
22-11-2001 
15-04-2003 
17-11-2000 
29-01-2002 

09- 11-2000 
15-05-2002 
15-05-2003 
06-11-2003 
06-02-2002 
27-08-2003 
01-11-2003 
29-07-2002 
17-12-2002 
09-11-2000 
24-10-2002 
14-08-2001 
04-09-2001 
16-08-2001 
01-11-2001 
13-12-2001 
03-01-2002 
31-01-2002 

24- 01-2002 
07-03-2002 
30-05-2001 
23-07-2002 

25- 05-2001 


10-09-2002 
18-05-2000 

02- 04-2002 

03- 12-2002 


18-10-1996 
15-09-1999 
22-02-2000 


Form PCT/1SA/210 (patent lamily annex) (January 1 


THIS PAGE BLANK (iispro) 


